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Purpose: The natural history of incidentally discovered asymptomatic mild ( < 50%) and 
moderate (50% to 79%) carotid artery stenosis is not known. The carotid artery duplex 
ultrasound surveillance program at the University of Washington Department ofVascular 
Surgery has serially evaluated patients with carotid artery disease for more than a decade 
and provides data on the progress and management of this disease. 
Methods: Patients with asymptomatic carotid artery bruits who had carotid artery disease 
causing less than 80% lumen diameter narrowing at their initial visit were identified. At 
each return visit (6 months, 1 year, and annually thereafter) a clinical questionnaire was 
completed, and bilateral carotid artery duplex sonography was performed. 
Results: Two hundred thirty-two patients (136 men and 96 women) were monitored for 
up to 10 years with sufficient data for a 7-year life-table analysis. Progression i the degree 
of stenosis was noted in 23% of patients during follow-up, and nearly half of these 
progressed tosevere stenosis (80% to 99%) or occlusion. The risk of progression to severe 
stenosis and occlusion was significantly greater for those patients with moderate initial 
stenosis than mild initial stenosis (p < 0.01). The cumulative stroke risk for patients with 
mild initial stenosis (6%) was half of that for patients with moderate initial stenosis (11%) 
after 7 years. Carotid endarterectomy was performed in 27 patients during follow-up; in 
13 the indication was an event ipsilateral to the stenosis, and in 14 there was asymptomatic 
progression to high-grade stenosis. 
Conclusions: Regular monitoring of mild to moderate carotid artery stenosis hows how 
these lesions progress over time, permitting a realistic appraisal of their potential for 
producing an ischemic erebrovascular event. (J VASC SURG 1995;21:120-6.) 
The treatment of patients with asymptomatic 
carotid artery disease remains the subject of contro- 
versy and debate. ~High degrees of carotid artery 
stenosis have been shown to be a major stroke risk in 
patients with symptoms in the North American 
Symptomatic Carotid Endarterectomy Trial 2 and the 
European Carotid Surgery Trial 3 and a major risk for 
ipsilateral combined events (transient ischemic attack 
and stroke) in symptom-free patients by the Veterans' 
Affairs Cooperative Study Group. 4 To recommend 
optimal treatment for patients with asymptomatic 
carotid bifurcation atherosclerosis, information on 
disease progression and its impact on outcome is 
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needed. To obtain such data, it is necessary to use 
methods that are sensitive for the detection of disease 
to estimate its severity and document the changes in 
the degree of narrowing that take place over time. 
Duplex ultrasonography lends itself well to such a 
natural history study because it is noninvasive and 
repeatable and can detect clinically relevant degrees of 
stenosis with an accuracy that compares well with 
contrast arteriography. 5 
The purpose of  this report is to present data on 
the rate of progression of carotid artery atheroscle- 
rosis for symptom-free patients with lesions that fall 
into moderate categories of narrowing. The outcome 
for patients with an 80% or greater diameter-re- 
ducing stenosis has been reported previously, 6 and 
this report will focus on those symptom-free patients 
who had a less than 80% stenosis at the time of entry 
into the study. 
MATERIAL  AND METHODS 
A prospective long-term follow-up program of 
patients with carotid artery disease has been under- 
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Fig. 1. Cumulative progression to 50% to 79% diameter- 
reducing lesion. 
way at the University of Washington since 1979. 
Patients were referred for screening by physicians 
throughout he region. Eligibility for this study, 
which was approved by the Human Subjects Com- 
mittee of the University of Washington, required 
patients to fulfill the following criteria at time of 
entry: (1) they were symptom free and the carotid 
artery disease was discovered by the finding of a 
neck bruit; (2) the degree of carotid artery stenosis at 
entry was limited to those lesions that reduced the 
diameter of the internal carotid artery by equal to or 
less than 50% to 79%; (3) the patients had at least 
180 days of follow-up; and (4) they had not 
previously undergone any form of carotid artery 
surgery. 
The method used to document and follow the 
rate of disease progression was ultrasonic duplex 
scanning. This technology uses gray-scale imaging 
and pulsed-wave Doppler scanning, which permits 
the documentation f the degree ofstenosis from the 
spectral waveform recorded in center stream, at a 
constant 60-degree angle from the site of greatest 
narrowing. Three major criteria are used to docu- 
ment he degree ofstcnosis, namely the appearance of
spectral broadening, the maximal peak systolic veloc- 
ity, and the nd-diastolic velocity recorded at the site 
of narrowing. 7'8 During validation of the method 
against arteriography, the degree ofstenosis measure- 
ments were made from the carotid bulb. The distal 
internal carotid artery was not used as the reference 
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Fig. 2. Cumulative progression to 80% to 99% diameter- 
reducing lesion. 
vessel. Compared with arteriography, results have 
shown that the method will result in a sensitivity of 
99% and a specificity of 84% with respect o the 
following categories: (1) normal, (2) less than 50% 
stenosis, which represents a lesion that is not pressure 
and flow reducing, (3) 50% to 79% degree of 
narrowing, which is considered to be sufficient o 
result in a reduction in pressure and flow, (4) 80% to 
99% stenosis, which are very tight lesions, commonly 
associated with progression to total occlusion, and 
(5) total occlusion of the internal carotid artery. 
Symptom-free patients with a less than 80% 
diameter-reducing stenosis were recruited for the 
study. Follow-up was at 6 months, 1 year, and 
annually thereafter. The patients were also restudied 
if they returned with a clinical event. All studies were 
performed by a single technologist (J.F.P.). At the 
time of each examination, an extensive health history 
was taken, and any neurologic events that occurred in 
the previous time interval were recorded. The find- 
ings at each visit were transmitted to the patient's 
physician. No attempt was made to influence treat- 
ment in reporting of the ultrasound results. 
For this analysis, follow-up was terminated at the 
date of first surgery but continued to the time of last 
follow-up for those patients who did not undergo 
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Table I. Distribution by sex and mean age 
at time of entry into the study 
Baseline degree of narrowing Male Female 
Bilateral < 50% 62 (78) 63 (60) 
50% to 79% and < 50% 67 (45) 65 (25) 
Bilateral 50% to 79% 66 (13) 67 (11) 
Number by sex in parenthesis. 
surgical intervention. For all patients who underwent 
surgical intervention, their hospital charts were 
reviewed to document the indications for surgery and 
the outcome. 
The main outcome studied was progression i the 
degree of internal carotid artery stenosis. Patients 
were grouped according to their worst disease 
classification under two major categories, less than 
50% stenosis and 50% to 79% stenosis, for the 
purpose of outcome assessment. To determine rates 
of progression, the following categories of disease 
were considered: less than 50% stenosis, 50% to 79% 
stenosis, 80% to 99% stenosis, and total occlusion of 
the internal carotid artery. In addition, the relation- 
ship of stroke and carotid endarterectomy to disease 
progression were also recorded. 
Descriptive statistics on the study population 
were done with use of SPSS/PC+ version 4.0 
(SPSS Inc., Chicago, Ill.). Survival analyses were 
done with use of BMDP program 1L (BMDP 
Statistical Software Inc., Chicago, Ill.). Statistical 
comparisons between survival curves used the log- 
rank method. 
RESULTS 
The mean age and sex distribution by degree of 
carotid artery stenosis is shown in Table I. A total of 
232 patients were identified who fulfilled the entry 
criteria. There were 136 men and 96 women, a 
male/female ratio of 1.4:1. Both internal carotid 
arteries were examined and classified at entry into the 
study (Table II). 
Progression in carotid artery stenosis. Progres- 
sion rates noted are for patients, grouped according 
to the highest grade stenosis at presentation. 
Progression to 50% to 79% stenosis. Of 138 patients 
with bilateral less than 50% lesions at study entry, 25 
lesions progressed to 50% to 79% narrowing during 
follow-up, which resulted in a cumulative progres- 
sion rate in these patients of 21% after 7 years (Fig. 
1). Not included in Fig. 1 are six patients who had 
progression from a less than 50% stenosis to a 50% 
to 79% narrowing contralateral to a lesion, which 
was in the 50% to 79% diameter-reducing category 
at entry. 
Progression to 80% to 99% stenosis. Progression to 
80% to 99% stenosis was observed in 24 patients; 20 
of 94 patients who had at least one side with 50% to 
79% diameter reduction and 4 of 138 patients with 
bilateral, less than 50% diameter reduction at study 
entry. The cumulative progression rate from 50% to 
79% stenosis to 80% to 99% stenosis was 27% after 
7 years and from less than 50% to 80% to 99% lumen 
diameter narrowing was 4% for the same time period 
(Fig. 2). This difference in progression to high-grade 
stenosis for the two groups, 26% _+ 6% for a 50% to 
79% baseline lesion and 4% +_ 3% for a less than 
50% baseline lesion, was statistically significant (p < 
O.Ol). 
Progression to complete occlusion. Progression to 
complete occlusion was observed in 10 patients 
during the follow-up period. None of the patients 
with an initial stenosis of less than 50% went on to 
have occlusion during the study, but the cumulative 
progression rate for those patients with at least one 
initial 50% to 79% lesion was 20% after 7 years (Fig. 
3). This difference in cumulative, 7-year progression 
between the groups, 20% _+ 6% for a 50% to 79% 
baseline lesion compared with zero for a less than 
50% baseline lesion, was statistically significant (p < 
o.ol). 
Side of progression. Overall, five patients pro- 
gressed sequentially totwo separate higher categories 
of stenosis, leaving a total of 54 patients who 
demonstrated an increase in internal carotid artery 
narrowing. In 10 of these (19%) the progression 
involved their initially less severely affected side. This 
emphasizes the need to evaluate carefully both carotid 
arteries during any surveillance program. 
Stroke. Twelve patients had a stroke during 
follow-up, and the status of their lesions has been 
summarized in Table III. Five strokes developed in 
patients with less than 50% baseline stenosis and the 
other seven had 50% to 79% baseline disease, which 
was bilateral in three cases. The cumulative stroke risk 
was 6% after 7 years for those patients initially 
categorized ashaving less than 50% stenosis and 11% 
after 7 years for patients diagnosed with 50% to 79% 
stenosis. 
Relationship of stroke to disease progression. Disease 
progression occurred in eight of 12 patients who had 
development of a stroke. Two patients had progres- 
sion from less than 50% stenosis to 50% to 79% 
lesions and had ipsilateral hemispheric strokes, but 
one of these progressions was noted only after the 
stroke had occurred. Four patients had progression 
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Table II. Degree of stenosis at time of 
entry into the study 
Worst side (%) Least side (%) No. 
cumulative 
progression % 
25-  
1-15 Normal 5 20 - 
1-15 1-15 35 
16-49 1-15 42 
16-49 16-49 56 1 s 
50-79 1-15 19 
50-79 16-49 5I 
50-79 50-79 24 10 
from 50% to 79% lumen narrowing lesions to 80% 
to 99% stenosis; one of these was discovered at the 
time of the stroke, and the other three went on to 
complete occlusion and stroke 1, 2, and 27 months 
after the initial progression was recognized. Two 
patients were noted at the time of their stroke to have 
progressed from 50% to 79% stenosis to complete 
occlusion without intermediate progression to an 
80% to 99% lesion. Progression to an 80% to 99% 
lumen-narrowing lesion was observed before stroke 
in only three patients. 
In the absence of disease progression, three of the 
four strokes occurred in patients with less than 50% 
stenosis, 31, 66, and 68 months after study entry, and 
the other stroke occurred in association with a 50% 
to 79% stenosis after 102 months of follow-up. 
Surgical intervention. Carotid endarterectomy 
was performed in 27 patients (22 men and 5 women) 
8 to 92 months after entry into the study. The degree 
of narrowing of the lesions undergoing carotid 
endarterectomy at the time of recruitment into the 
study and at the time of surgery are given in Table IV. 
Only five of 138 patients whose worst initial 
lesion was less than 50% underwent carotid endar- 
terectomy, whereas 22 of 93 patients who were 
initially noted to have at least one 50% to 79% 
stenosis underwent carotid endarterectomy. 
At the time of surgery 16 patients had lesions in 
the 80% to 99% category, nine had 50% to 79% 
narrowing, and two patients had 16% to 49% 
diameter-reducing stenoses. In three of 27 patients 
(11%) it was the initially less stenosed contralat- 
eral lesions that required carotid endarterectomy, 
whereas in the remaining 24 patients (89%) the le- 
sion with greater narrowing (16 patients) or one of 
two equally stenosed carotid arteries (eight patients) 
at entry into the study had endarterectomy. 
Indications for surgery. The two major indications 
for surgery were development of neurovascular 
symptoms and asymptomatic progression to a high- 
grade (80% to 99%) lesion. 
baseline lesion 
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Fig. 3. Cumulative progression to occlusion. 
All 11 patients who underwent carotid endarter- 
ectomy for lesions with less than 80% narrowing had 
symptoms. Two patients had progression from less 
than 50% stenosis, and the remaining nine had stable 
lesions. In nine patients the symptoms were ipsilat- 
eral to the operated lesion, with seven transient 
ischemic events (four ocular and three cerebral) and 
two strokes with sufficiently good recovery for 
surgical intervention. The other two patients had 
development ofocclusions contralateral to a 50% to 
79% stenosis, one associated with a stroke and one 
with a transient ischemic attack (TIA), and both had 
ipsilateral lesions at the upper limit of the 50% to 
79% stenosis category, which underwent operation. 
Of 16 patients who underwent carotid endarter- 
ectomy for 80% to 99% stenotic lesions, only two 
had development symptoms ipsilateral to the lesion. 
Both had episodes of transient ischemia ipsilateral to 
lesions that had progressed from 50% to 79% 
stenosis, one 26 months and the other 66 months 
after entry into the study. The remaining 14 patients 
were symptom free; 11 initially had 50% to 79% 
stenosis on entry into the study, and the remaining 3
had less than 50% narrowing, which had progressed 
after 2, 4, and 7 years of follow-up, respectively. 
Results of surgery. There were no deaths after 
surgery, but one patient had a disabling stroke 
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Table I lL Strokes that occurred uring the follow-up period 
Baseline disease 
Age Sex Side Ipsilateral (%) Contralateral (%) 
Ipsilateral progression (mo.) Time (too.) 
50%-79% 80%-99% Occlusion CVA MaxFU 
67 M L <50 <50 
60 M R <50 <50 
68 F R <50 <50 
67 F R < 50 <50 
76 M L < 50 <50 
65 M R > 50 > 50 
68 M R > 50 <50 
59 M R > 50 >50 
72 M R > 50 > 50 
76 M R > 50 < 50 
72 M R > 50 < 50 
68 M R >50 <50 
6 
13 
7 
15 
29 
35 
31 
17 
51 
62 
6 6 
31 38 
47 59 
66 66 
68 83 
8 8 
15 17 
31 31 
17 37 
51 60 
62 88 
102 116 
CVA, Cerebrovascular ccident; .MaxFU, follow-up ; L, left; R, right. 
(3.7%). Another patient described symptoms con- 
sistent with a TIA within 30 days of surgery, but 
remained symptom free for an additional 4 years 
follow-up, and one silent internal carotid artery 
occlusion occurred. Seven patients underwent un- 
complicated contralateral surgery at a later date; six at 
1 month and one at 3 years after the initial operation. 
DISCUSSION 
Some of the confusion and controversy urround- 
ing carotid artery atherosclerosis and the role of 
carotid endarterectomy has been settled. It appears 
that for patients with symptoms with a greater than 
70% diameter-reducing stenosis, carotid endarterec- 
tomy is the treatment of choice for reducing the 
incidence of stroke. 2,3 The Veterans Administration 
trial of symptom-free patients was able to show that 
endarterectomy for greater than 50% diameter- 
reducing lesions was more effective than conven- 
tional medical therapy for reducing the incidence of 
combined events (TEAs and strokes).4 The inclusion 
of transient ischemic events as endpoints has been 
criticized by Barnett and Haines ~ because these do 
not result in permanent eurologic deficit. It is hoped 
that the results of the National Institutes of Health- 
supported trial of symptom-free patients will answer 
this question in more detail and thus settle this 
controversy. 9 
One of the major problems with the large clinical 
trials is that they have not and will not settle the issue 
of disease progression and its impact on the devel- 
opment of ischemic events or total occlusion of the 
internal carotid artery. For example, in the North 
American Symptomatic Carotid Endarterectomy 
Trial and the European Carotid Surgery Trial, there 
are no data regarding what led to the stroke once the 
patient was randomized to the medical arm of the 
trial. All we know is that lesions of a particular degree 
of narrowing at the time of entry were associated with 
certain risks. Did these lesions progress to total 
occlusion or were the events on an embolic basis? In 
addition, it is not possible to discern what role the 
lesion in the nontarget artery had on outcome. All of 
these factors are important ifone is to fully appreciate 
the type of surveillance that must be given to a 
detected lesion and how this might affect both 
outcome and therapy. 
The data presented in this natural history study 
did not address the role of risk factors or the effect of 
medical therapy provided by the referring physician. 
To assess the role of medical therapy in the preven- 
tion of progression, a much larger group of patients 
would be required where all of the potential con- 
tributors could be monitored and controlled for. This 
study simply examined the fate of lesser degrees of 
stenosis, both in terms of progression to higher 
degrees of stenosis and the outcome for the patient, 
with the care provided by the referring physician. 
It is clear that any surveillance program con- 
ducted even at time intervals of 6 months to 1 year 
will miss some cases of progression that may be 
responsible for a clinical event. For example, in the 12 
patients with moderate lesions who had a stroke 
during follow-up, only four strokes developed in the 
absence of disease progression. On the other hand, of 
the eight remaining strokes, five were associated with 
disease progression that was discovered at the time of 
the event when the patient was restudied. The 
average annual stroke risk during follow-up for those 
patients with initial less than 50% lesions was 0.9%, 
and, for those patients who initially had 50% to 79% 
stenosis, the risk was 1.6%. Because most of these 
JOURNAL OF VASCULAR SURGERY 
Volume 21, Number 1 Johnson et al. 125 
Table IV. Patients undergoing carotid endarterectomy, degree of stenosis 
Year of follow-up 
I 2 3 4 5 6 7 8 
Initial lesion 
<50% 2 1 
• 50%-79% 4 4 5 2 3 
Operated lesion 
<50% 2 1 1 
50%-79% ~ 1 2 2 1 1 
80%-99% 2 3 37 1 3 
1 3 
i i 
it I 2 
*Indicates that all patients in these groups had symptoms. 
Hndicates that one patient in each of these groups had symptoms (seven ipsilateral and two contralateral). 
strokes occurred without premonitory events or prior 
evidence of disease progression to a very high-grade 
lesion, this probably represents he best figures one 
might obtain from a surveillance program of mod- 
erate carotid artery lesions. 
If one assumes that it is the higher grade stenoses 
that are of particular danger to the patient and may 
require intervention, a surveillance program such as 
carried out here provides ome guidelines with regard 
to the frequency at which the patients should be 
studied and the likelihood that an event might occur 
during such a follow-up program. For those patients 
simply monitored without carotid endarterectomy, 
as noted above, the stroke rate was 6% after 7 years 
for less than 50% stenosis and 11% after 7 years for 
50% to 79% stenosis. It also appears that the 
frequency of follow-up can be determined by the 
nature of the lesion at the time of discovery. For 
example, with the less than 50% diameter-reducing 
lesions, only 4% progressed to the very tight lesions 
(80% to 99% diameter-reducing category) during 
the 7 years of study follow-up. On the other hand the 
rate of progression from a less than 50% to a 50% to 
79% lesion was 21% at 7 years. These lesions do not 
appear to carry the same risk as do the 80% to 99% 
stenoses. In the patients who had development of a 
stroke there were only two cases in the 50% to 79% 
category. Clearly, on the basis of these data, a 
nonoperative course should be followed until further 
evidence to the contrary is presented. For example, it
would not appear prudent o support carotid endar- 
terectomy for lesions that fall in the 50% to 79% 
category because the risk of stroke is so low and 
probably cannot be matched by operation when the 
perioperative complications are taken into account. 
For the patients who underwent carotid endar- 
terectomy during the course of the study, it is 
important o note that, except for those patients 
whose lesions progressed to the tight lesions 
(80%+), all operative procedures were performed 
after the patient had development of an ischemic 
event. The distribution of the events that led to 
operation are important to review. Two patients had 
less than 50% lesions, and nine patients in the 50% 
to 79% category had development ofsymptoms that 
prompted a surgical approach. With the 16 high- 
grade lesions, two became symptomatic, with the 
remaining 14 undergoing operation based on previ- 
ous data from our center, which showed that these 
lesions often progressed to total occlusion. 6 With 
occlusion of the internal carotid artery, there is a 25% 
chance for development of a stroke. I° One patient 
(3.7%) in the operative group sustained a disabling 
stroke. 
What then can regular monitoring of such lesions 
achieve? It is clear that, with few exceptions, pro- 
gression to a symptomatic state is also accompanied 
by progression to a higher grade lesion suggesting 
that these lesions may be more active. Even with the 
monitoring that was carried out, nine strokes oc- 
curred that were unavoidable given our present 
knowledge of the biologic behavior of these plaques. 
This study reinforces the problem of unheralded 
strokes. 4,n 
However, there are guidelines that can be pro- 
posed based on our findings. These are as follows: (1) 
for less than 50% stenosis the annual rate of 
progression to 80% to 99% narrowing was 0.6%; (2) 
for less than 50% lesions, the annual rate of 
progression to a 50% to 79% stenosis was 3.0%; (3) 
for 50% to 79% lesions, the annual rate of progres- 
sion to 80% to 99% stenosis was 3.7%; (4) the 
annual rate of progression to a total occlusion was 
2.9% for the 50% to 79% lesions. This has led us to 
recommend annual study for those patients with 
moderate carotid artery disease. Less frequent sur- 
veillance at 2-year intervals would seem to be 
appropriate for those symptom-free patients with less 
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than 50% diameter-reducing lesions on their initial 
SCan. 
Although there remains some concern about 
therapy for the symptom-free patient with a greater 
than 80% stenosis, we continue to recommend op- 
eration on the basis of our previous studies and that 
of the Veterans Administration study of symptom- 
free patients. The final answer to this particular group 
of patients will await the publication of the National 
Institutes of Health randomized trial. 
Regardless of the outcome of the ongoing trials, 
it would appear prudent o use a monitoring program 
such as outlined in this study. It not only allows us to 
detect lesions that change over time, but may well 
permit those risk factors that are responsible for the 
changes in the lesion to be addressed. All of the 
evidence presented to date suggests that it is the very 
tight lesions that are of particular danger to the 
patient. 2,12 The development of symptoms at any 
time should prompt testing by the method outlined 
in this study. 
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